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RESULTS OF INVESTIGATIONS (0A77 AND 0A78) 
ON AN 0.015-SCALE 140A/B CONFIGURATION 
SPACE SHUTTLE VEHICLE ORBITER MODEL 49-0 

IN THE AEDC VKF B AND C WIND TUNNELS 


By R. L. Gillins, Rockwell International Space Division 
ABSTRACT 


This report documents aerodynamic data obtained from wind tunnel tests 
of an 0.015-scale 140A/B configuration SSV Orbiter model in the AEDC VKF B 
and C Wind Tunnels. Tests were conducted at Mach numbers of 6 and 8 in the 
B tunnel and at a Mach number of 10 in the C tunnel to verify hypersonic 
stability and control characteristics, determine control surface effective- 
ness, and investigate Reynolds number effects of the 140A/B configuration. 

Force data were obtained for various contro] surface settings and 
Reynolds numbers in the angle-of-attack range of 15° 19 45° and at angles 
of sideslip of -5° to +10°. Data were obtained for a few configurations at 
angles of attack from -27° to 45°. Control surface variables ‘included 
elevon, rudder, speedbrake and bodyflap deflections. The effects of an 
alternate wing leading edge shape were investigated to determine its hyper- 
sonic stability and control characteristics. 

The tests, designated OA77 in the B tunnel and 0A78 in the C tunnel, 


were conducted from 27 November 1973 througi 4 December 1°73. 
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NOMENCLATURE 
General 
PLOT 
SYMBOL DEFINITION 
speed of sound; m/sec, ft/sec 
CP pressure coefficient; (p - pa)/q 
MACH Mech number; V/a 
pressure; W/m“, psf 
Q( NSM ) dynamic pressure; 1/2pV°, N/m“, psf 
Q( PSF ) 
RN/L unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 
ALPHA angle of attack, degrees 
BETA angle of sideslip, degrees ; 
PSI angle of yaw, degrees 
PHT angle of roll, degrees 
mess density; kg/m, slugs/ft: 
Reference & C.G. Definitions 
base area; me, ft 
BREF wing spen or reference span; m, ft 
center of gravity 
LREF reference length or wing mean 
serodynamic chord; m, ft 
SREF wing area or reference ares; m, ft 
MRP moment reference point 
XMRP moment reference point on X xis 
YMRP moment reference point on Y »xis 
ZMRP moment reference point on % uxte 
base 
local 


static conditions 
total conditions 
free stream 
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Cf 
L/D 
L/ De 


PLOT 
SYMBOL 
CN 


Ch 


CAB 


CAF 


CIM 


CBL 


CSL 


L/D 


L/ DF 





NOMENCLATURE (Continued ) 


OAvreAvis Gye 
Bodvehuie oyoten 


DEFINITION 


> 4 es 
eeneriviengs Derm er 
qo 


norm: -orr: 


axial-force cooffictont: ere 
ate 


‘ é in Ir ¢” rs 
side-torre coertivient; wide forces 
om 


bewv-for) coefficient; Lie form 


ote 


-An(py - pel/ar 


oe 


“hb 


* , ee re + way FETA LT + f 
Yor. cody uszilnl Cores cocffYi cient, C- - 


pitehin--moment coetfieient; pitching moment 
SL REF 


Ve LE RO ts (CO CLP Ls yviwinis moment 
Sd 
rollinge-noment coerfiedent, Tolling moment 


yy) 
. 
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Tr Cee Rg PE bes wpe acm 
a Le Se: 


Lie, come itietient: lift 
45 


dray coefriclents a6 
‘Ws 
DHS Pe sary 


rt 


atk 


baoeedrw coeirfielonts 
forvbody dry, coctfictents Cy - Cy 


4 are) ae 
‘tde--fores coeffictent; pa Sh ESS) 
he 


pitching-moment cocffielent; ous nome: 
per 


yuwing-moment coefficient; ae ce 
q b 


rolliny-moment coefficient; Fonte moment 
4%? 


lift-to-irig ratio; Cy/Cy 


lift to forebody drag rutto; Cr Cog 











Plot 
symbol} 


CASC 
CAU 


CLMAFT 


CLMF WD 


CPE 
CPSC 


DCBLDA 


DCLMDA 


DCYNDA 


DCY/DA 


DCA 
DCA 
OCD 
DCL 
OCLMAF 


DCLMFO 


NOMENCLATURE (Continued) 
Additions to Standard [ist 
Derinition 

Sting cavity area, fté 
moagel base area, a 

Sting-cavity axial-force coefficient 
unadjusted axial-force coefficient 


pitchine moment coefficient about aft center 
of gravity (.675 %g) 


pitching moment coefficient about forward center 
of gravity (.650 2g) 


base pressure coefficient 
Sting-cavity pressure coefficient 


derivative of rolling moment coefficient with 
respect to aileron deflection, per de,res 


derivative of forward pitching moment coefficient 
with respect to aileron “flection, per degree 


derivative of yawing moment coefficient with 
respect to aileron deflection, per degree 


derivative of side force coefficient with 
respect to aileron deflection, per degree 


incremental axial force coefficient 
incremental forebody axial force coefficient 
incremental drag coefficient 

incremental lift coefficient 


Incremental pitching moment coefficient about 
aft center of gravity 


incremental pitching moment coefficient about 
forward center of gravity 

















symbol 


AS, 
ASBr 


ASsp 
ASA 


Plot 
Symbo] 
DCN 


PO 


PT 


Ik 
XCP/L 
AILRON 
BDFLAP 


ELEVON 


RUDDER 


SPDBRK 


DLELEV 
DLFLAP 
OSPBRK 
DLTAIL 


NOMENCLATURE (Concluded) 
Additions to Standard List 


Definition 

Incremental normal force coefficient 
model base static pressure, pst 
freestream ctatic pressure, of 
sting cavity static pressure, psi 
freestreanm total pressure, psf 

model temperature, PF 

freestrean total temperature, OR 
center-of-pressure location ba.ed on body lensti 
aileron deflection, degrees { @-*ep/2) 


bodyflap deflection, degrees; positive deflection 
trailing edge down 


elevon deflection, degrees (oe + ep/2) 


left elevon deflection angle, degrees, positiv: 
deflection trailing edge dowr 


right e.evon deflection angle, deyrees, positiv: 
deflection trailing edge down 


rudder deflection, degrees, positive deflection 
trailing edge left 


speedbrake deflection, degrees, posi'i.a 
deflection trailing edges out 


incremental elevon deflection, degrees 


incremental body flap deflection, degrees 


incremental speedbrake deflection, degrees 


incremental aileron deflection, degrees 
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CONFIGURATIONS INVESTIGATED 


TT a ee a ee es ee a 


The Orbiter configurations investigated were the basic 140A/B config- 
uration and the same configuration with a modified wing leading edge shape. 
Configuration buildup runs included bodyflap-off and wing plus bodyflap- 
off configurations. Dimensional data for the tested components are given 
in table III. 


The tested configuration included the rollowing components: 





Bag Basic 140A/B configuration fuselage 

Co Basic 140A/B configuration canop; 

E56 Basic 140A/B configuration elevons for Wii6 

F Basic 140A/B configuration bodyflap 

My Basic 140A/B configuration OMS/RCS pods 

Nog Basic 140A/B configuration OMS engine nozzles 
Re Basic 140A/8 configuration rudder for Ve 

Vp Basic 140A/B configuration vertical tail 

Wii6G Basic 140A/B configuration wing 

W193 Wi16 with a modified leading edge shape 
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INSTRUMENTATION DESCRIPTION 


Force instrumentation consisted of a six-component internal force 
balance mounted in the Orbiter sting cavity. 


Pressure instrumentation consisted of a base pressure rake and two 





sting cavity pressure orifices which were plumbed to externally mounted 
transducers for pressure measurement. See Figure 2c for the location of 
the orifices. 

A single thermocouple was mounted in the Orbiter left hand wing panel 


to moniter wing bulk temperature changes during extended high temperature 
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DATA REDUCTION 


Force and moment data were reduced to coefficient form in both body 
and stability axes systems. Base and sting cavity pressure adjustments 


to axial force were made as follows: 


e (Psc-Pp) ASC ] ( 


CA = Cay a5 adjusting sting cavity to base) 
Cp, (Ag) + Pen (Ac) 
CAR = -[ + ] (adjusting both to free stream) 


Cae = Cay - CAR 


The following reference dimensions and constants were used: 


symbol Definition Model Scale Full Scale 
AB see below for base areas | 
Asc sting cavity area 0.03409 ft* | 
b reference wing span 1.171 ft 936.68 in 
C reference MAC 0.5935 ft 474.8 in 
Lp reference body length 1.613 ft 1290.3 in 
S reference wing area 0.60525 ft? 2690 ft® 
Xcg longitudinal length, nose (IML) 

to the moment reference center 12.580 in 838.7 in 
Ycg lateral length, plane of 

symmetry to reference center 0.000 in 0.9 in 
cc vertical length, FRP to 

moment reference center -0.375 ~~ in -25.0 in 

12 
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DATA REDUCTION (Concluded) 
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Value, ft (Mode! Scale: 


Applicable Pressure F/ ON 
Symbol and/or Description M7 ON 
ABy Use with Pat .0108 
Ago Use with Pao .0201 
Ag3 Use with Pa3 .0103 
Apa Use with Pag .0176 
Age Use with Pas .00278 
Ap Total area .0615 


Longitudinal center of pressure was calculated as follows: 


XCP/L = Xeg/2p -(CLMFWD/CN) (c/2p) 
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F7 OFF 
M7_ON. 


.0108 
.020) 
.0103 
.0176 
.09968 


. 0685 
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DISCUSSION OF RESULTS 


The following should be noted in regard to the use of this data: 

(1) An uncertainty was introduced in the data at M = 10, where 
shifts in parameters were noted when the model bulk temperature exceeded 
450°F. The parameters most affected were Cy and Cy at a > 30 degrees; the 
uncertainty increases with « and temperature. The cause of the shifts, 
whether aerodynamic or thermal distortion, has not been determined. The 
data obtained at Ty < 450°F appear to be more consistent and repeatable and 


should be considered more accurate. The data obtained at T.. > 450° are 


M 
flagged in Table II. 

(2) The basic mode of operation was in a continuous o sweep while 
collecting data. Those data obtained at g other than 0° were collected in 
a pitch-pause mode. The following run numbers are pitch-pause data obtained 


to evaluate base pressures at each test Reynolds number: 


(a) M=6: 1, 9, and 56 
(b) M= 8: 66, 74, and 107 
(c) M= 10: 126, 154, 171, 180 


(3) Run number 48 was obtained with the pitch mechanism sweeping 
in reverse direction (a = 45° to 15°), 

(4) The following data were obtained with the model at a constant 
attitude while the model temperature was increasing to evaluate the effects 
of model temperature on the force and moment data. Data were taken in 
approximately 25-deg. increments in T.. 


M 
(a) M=8: 65 (a = 30.5°) 


(b) M= 10: 125 (a = 30.6°), 153 (a = 40.7°) 
14 
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TEST : 





TEST CONDITIONS 





REYNOLDS NUMBER DYNAMIC PRESSURE [STAGNATION TEMPERATURE 
MACH NUMBER (per foot) (degrees Fahrenheit) 
5.95 4.6 x 10 


| 5.95 | 1.9 x 10 
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| COEFFICIENT 
CAPACITY: ACCURACY TOLERANCE: 















600 Ibs. 


SF 100 lbs. 
AF pee! lbs. 


PN 500 in.-]bs. 
RM ____ 165 in Ibs. 
LOO in.- ibs. 
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AREVISED 4/2k/7h 


TABLE TII, - MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BODY - Bag 

GENERAL DESCRIPTION _ Configuration A/B Orbiter Fuselage 

NOTE: Bo6 is identical to B,, except underside of fuselage has been 
a 


refaired to accept W91. 


MODEL SCALE: 90.015 


MODEL DRAWING: 





SS AOOL47, RELEASF 12 


DRAWING NUMBER = _YL70-000143B, 000200, -000205, -006089, 000145 _ 


VL7TO OOOL4OA, -000140B 


DIMENSIONS 


*(OML) Length(Fwd Sta. Xo=235), In. 
*IML} Lengtn(Fwd Sta. Xo=238),In. 
Max Width (@ Xo = 1528.3)-In. 
Max Depth(@ X, = 1464) - In. 
Fineness Ratio 
Area - Ft 
Mox. Cross—Sectiona| 
Planform 


Wetted 


Base 


FULL SCALE 


1290.0 


MODEL SCALE 
19. 350 


foe |.) 
—L200 


SEE 
ed 


m9 i 
nes eee 








Te EE ee eee SES a ee eee AN Te eee te a hs Se ete RL eae aT f alt Beak bitte 








Lh at ae ai ke kek erat se Ls a A ela ee eae a BO al Be A a ae 





*REVISED 4/24/74 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : ___CANOPY - Co | | 
GENERAL DESCRIPTION : __ Configuration 3A. Canopy used with fuselage 





DRAWING NUMBER .YL70-000L434 


DIMENSIONS | 
* Length (X,=434.643 to 578) 
Max Width (@ X, = 513.127) 
Max Depth(@ x = 485.0) 
Fineness Ratio 
Area 
Max. Cross-Sectional 
Planform 
Wetted 
Bose 
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FULL SCALE 


TTLTT 


MODEL SCALE 


ee a Te OU gle ee eee Fs, Bt Rl ak TO ak Oat aa ai aa Ll cl I I Se a Li Cla Be i al a 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued 
*REVISED 4/24/74 


SENERAISDBSCRIPIIGNE s SContigiratinn (iOA/ Norte eee ie 
———AGUE:__Data are for one side, 


a te 
MODEL SCALE; 0.015 MODEL DRAWING: 98-400148,. RELEASE 6 


DRAWING RLMRER: VL70-000200, -006089, -006092 
OIMENSTIONS: FULL-SCALE MODEL SCALE 
Area Ft* 
= ome E0 Ko here O0473 
Span (equivalent) — fp. 349.2 5.238 
Inb'd equivalent chord — fn. 128.004 1.770 
Outb'd equivalent chord ~ fn. 55.192 0,828 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.2096 0.2096 
At Outb'd equiv. chord 0.4004 0.400h 
sweep Back Angles, degrees 

Leading Edge 0.00 . OOO 

Trailing Edge 10.056 - 10.056 

Hingeline 0.00 oa ¢ tee 
*Area Moment (Product of Area & Cc) - Ft2 1587.25 2.00536 
*Mean Aerodynamic Chora, In. 90.7 i. 3605 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


DRAWING NUMBER .VL7O-OOO1KOA, VL7O-O0OLHS 














DIMENSIONS - FULL SCALE 
Length (xX, = 1520 to X,=1613) - Im g3.000% 
Max Width  . In. —262-002._. 
Max Depth (Xp = 1520) - In. 23.000 
Fineness Ratio 
Area ~ re® eee 
Mox. Cross-Sectional ence 
Planform 142.6 
Wetted 
Base 4.84722 





*Model dim. measured from Model Sta. 15.20 
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MODEL SCALE 


i 
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TABLE II]. - MODEL DIMENSIONAL DATA - Continued. 





MODEL COMPONENT | OMS/RCS Pons - Moo 
GENERAL DESCRIPTION Configuration L40A/B Orbiter OMS/RCS Pods 


rrr prin gs a 


DRAWING NUMBER VL70-O001L45 


DIMENSIONS | FULL SCALE MODEL SCALE 
Length (OMS Fwd Sta X,= 1233.0)-In. 327-000 4.905 


Max Width (2 k= 1450.0) - In. Qu ..5 1.418 


Max Depth (@ x, = 1493.0) - In. 109.909 1.635 
Fineness Ratio eee ee See 
Areo 


Mox. Cross—Sectional 


| Planform 


Wetted 


Base 
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TABLE III..- MODEL DIMENSIONAL I:TA ~ Continued. 


MODEL COMPONENT: OMS NOZZLES - Nog 








GENERAL DESCRIPTION: Configuration 1404/3 Orbiter OMS Nozzles -__ 





re eS ES 


ce ene ee ee ere AP A 


MODEL SCALE; 0.015 MODEL DRAWING: SS-AOOL06, RELEASE 5 (Contour) 
DRAVING NUMBER: _ VL70-QO0L40A (Location) ae 
DIMENSIONS: FULL SC+LE MODEL SCALE 

MACH NO. 


Length - In. 
Gimbal Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 





Exit 
Throat a 
Inlet 
Area - ft> 
Exit Be ne 
Throat : 
Gimbal Point (Station) - In. 
Left Nozzle - In. 
Ko | 1518.0. _ 22.779 
Yo | _- ARO _ 1.320. 
Zo —bge.00 _7.380 
Right Nozzle - In. 
Xo 1518.9 22.770 
Yo + 88.0. 1.320. — 
Lo 492.0. "Sg ain 
Null Position - Deg. PITCH YAW 
Left Nozzle: + 8° 13°17' OUTB'D 
Pitch . 15°k9 ' on ee fe 2930' INB'D 
Yaw 12°17' ps ee 
13°17' OUTB'D 
Right Nozzle: ry ° O 
Piteh 15989) ie. Gare 
Yaw le 17' a ig a ee ene 















LORE prt Coe a a a ae 





a oe ie cise Cae 
We aie ae: Oe eS 


TABLE III. — MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: RUDDER Be =" 


GENERAL DESCRIPTION: ch, 34, 3 and 1L4OA/B confisurations. 


+P har POPE rr OP 





I 


i ai 
NR AAT LT, maar 


MODEL SCALE: 9.025 














DRAWING ALUMRER: VL7ZO-QOOL4GA, Viu70-000095, VL70-000139 
DIMENSIONS: FULL-SCALE MODEL SCAL* 
* Area - Ft® 100.15 0.0239 

Span (equivalent) - In. 201.0 3.015 
Inb'd equivalent chord = In. 91.585 32 3O37 
Outb'd equivalent chord - In. 50 . 833 0.7625 
Ratio movable surface chord/ 
total surface chord 
At Inb'd equiv. chord 9.409 Q.409 
At OQutb'd equiv. chord 0.400 9.400 
sweep Back Angles, degrees 
Leading Edge Pas ae 7 34.83 
Trailing: Edge 20.25 26.25 
Hingeline 34.83 34.83 
“Area Moment ( Product of Area and 0) -Ft3 619.92 QQOLTS 
* Mean Aerodynamic Chord - In. 342 1.098 
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#REVISED 4/24/74 


TABLE III. - MODEL DIMENSIONAL DATA + Continued. 


MODEL COMPONENT: VERTICAL - V g 


cine et <a 
GENERAL DESCRIPTION: Configuration 140A/B Orbiter Vertical Tai) —_ 


i _—<—a 














a a a ee 
MODEL SCALE: 0.015 MODEL DRAWING: SS-AOO148, RELEASE 6 
DRAWING NUMBER: _VL70-OOOL46A 5 
DIMENSIONS: FULL SCALE MODEL 5C- LE 
TOTAL DATA 
rea (Theo) - Ft* poe eet Sees : 
Planform 413.253. 0 __0.993 : 
Span (Theo) - In. “315.720 736 
Aspect Ratio ies oy {| a es 6 ee 
Rate of Taper ei Oe507. 2. 0.507 oo. 
Taper Ratio —_ O.4uok  —O.bok-.. 
Sweep-Back Angles, Degrees. 
Leading Edge 45.000 == __ 45.000 
*Trailing Edge ne A eae) 9 
0.25 Element Line _bi130 = __ 4) 130-— 
Chords: 
Root (Theo) WP 268.500. kb o2h 
Tip (Theo) WP 108.470. $——1.627-— 
MAC 199,808 2.997 _— 
Fus. Sta. of .25 MAC 1463.50... eS 
W.P. of .25 MAC 635-522... 9-533 — 
hirfoil Section 
Leading Wedye angle - Deg. 10.90 10.00 
Trailing Wedge Angle - Deg. 1.920 14.920 
Leading Edge Radius a esOOe a, - 22700 2 
Void Area 13.17 £&38_2.003. 
Blanketed Area 0,00 = ~ 900 
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ree ee ee teal eer st ER A EE et ni Se | Sek ae CGE ie ier er ee rg ay 
CINEMA bast es ee a terns 
nf cul: + ve i. 
NOTE: Identical to Wine axcent De SO Teves eed invle is talons 
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ae as eran ne Ae ae 


oem 


Mode! Scaie = «u.Glét 


Be tite Sn aea oes 
on aes j Mane ss. Pages 


is ee 





TEST NO, | : 





DIMENS (0.5: MODEL SCALE 
TOTAL SATA 
Area (ines,) 
Planvora 
Span (Theo In, exit 
Aspect Ratio 7 7 


Ftc 





i cee ee 
Rate of Taner | ee Pere: oe ee 
Taper &extlo ae Ne ee 
Dihedrai fngle, degreas(at X,=1506.623,Y,= SBD 3.500 
Inctcence Angie, degre2s 105, Zo= 282.75) 9h 0,509 


Aerodynamic Tu.ist, 275re9s 
Sweep Bacx 4ngi3s, 
Leading Ecga 
Trailing 
0.25 
Chords; 
Root (Theo) 8.?.0.0. 689.2429 __ 
Tip, (Theo) 3.?. | ‘157.8486 _ 055 
MAC Aphee ees 
fus. Sta, of .25 MMA  - 426.7 
Wete BF. 92o"nAL 39: arn aces % 
B.L. of .25 Meu “187, 831 
EXPOSED CATA 2 | 
Area || as Ft 
Span, (Tr22) = In. BP108 
Aspect natio | 
Taner Patio 
Chords 


= FU +3.0099 

pelrees | - 
4°00 $5.00 
o IU, oso a 


eee ee 


i 
base 


Flament Line 

















So ee ee 


730.0810 | 


2.058 7.058 











| 
| 





Roat 


PP 108 


Tip 1.00 b 
MAC 


HP. of 
Airfoil Section (fockwell 


Rout b 
2 


Fuse 


BLL. 


Sta. of .25 MAC 
225 MAC 
of .25 MAC 


XAXX~64 
= 0.425 


Hod NASA) 


0.11% 


CR ee ne le) 


8.559 
eee 





73s 
ade 
a: 7 ° ub eT 








Tip b = 1.00 ei ete .  . _ O.t2 
Data for (1) of (2) Sides 
Lead; ing fage Cuf f 2 cette, 4. ches eat Res 
Planform + re es Ft ire) Pay tk , 
Leading esa Intersects Fus 4. L. @ Sta ee 


beading £65 Intersects wig @ Sta 
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TABLE III. - MODEL DIMENSIONAL DATA - Conctuded. 
*REVISED 4/24/74 


MODEL COMPONENT: WING-W 


estes mtacnn <> > ~pue 
GENERAL DESCR:°TION:_ Configuration 4 except sirfoil thickness. Dihedral anyle 
is along trailing edge of wing and modified leading edge. 





Se) AALS), ee ee 


TEST NO. idee 
DIMENSIONS: FULL-SCALE MODEL SCALE : 
TOTAL DATA 2 : 
rea (Theo.) Ft : 
Planform 2690.0 0.605 
Span (Theo In. 936,682 28.100 , 
Aspect Ratio 2.265 2285 : 
Rate of Taper L177 1.177 
Taper Ratio 0.200 0.200 
Dihedral Angie, ceaheat 3.500 3.500 
Incidence Angle, degrees 9.500 0.500 
Aerodynamic Twist, degrees | + 3,900 + 2.000 
Sweep aie ee degrees 
Leading Edge 45.000 4 
Tralling Edge - 10.05 
0.25 Element Line 35.209. 
Chords: 
Root (Theo B.P.0.0. ok 


Tip, (Theo) B.P. 
MAC 


#FuS. Sta. of 025 MAC 
#W.P. of 025 MAC 


tid 





*BoL. of .25 MAC 
EXPOSED DATA 2 
*Area (ineo) Ft | 1751.50 0. 3941 
«Span, (Theo) In, 8P108 | 720-08 10.810 
*Aspect Ratio 3 Osh | 
harer Ratio O2is re 3 
$ : 
* Root BP108 562.0 8.432 
rip 1.00 Er | 
# MAC | 5.892.__ : 
«Fus. Sta. of .25 MAC 17,847. 
suf Me = 
#Bol. of . | 
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APPENDIX 
TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Services 
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